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Supplementary Figures and Figure legends
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Fig. S1 Kinetics of tumor burden (CD11b*) and survival curves of primary and secondary
leukemia-bearing mice, and the expression of soluble factors in healthy and leukemic MSCs
(A) Kinetic analysis of donor-derived myeloid cells (CD11b") in PB of primary transplantation
(1t BMT) and secondary transplantation (24 BMT) recipients (mean = SD, n = 10). (B) Kaplan-
Meier survival of primary and secondary transplantation recipients. Kaplan-Meier survival curves
of 1t BMT (black line, n = 10, Median survival = 290.5 days) and 2" BMT (red line, n = 10,
Median survival = 305 days) leukemia-bearing mice are shown. Log-rank (Mantel-Cox) test: p =
0.6105. (C) Heatmaps of MSC secreted factor-related genes differentially expressed between
healthy MSCs (n = 3) and MSCs from leukemia-bearing mice (n = 6) (padj < 0.05, fold change >

2).



21
22

23

24

25

26

Single live cells

WO W2 W4 W6 W8
MSC injection points (weeks)

Retro-orbital injection

100, = "2 ‘
2 804 MSCs 4 v

£ 604

2 40/

5 20/

O

W0 W2 W4 W6 W8
MSC injection points (weeks)

1.7+0.02% 0.1£0.05%| 0.1£0.02% 99.740.02% 38.0+5.0%)

)

S

‘S b _ L —

X

CD45 Ter119 CD31 CD51 CD105

x 90.75.5% 98.3+0.5% ga.o:ﬁ.s% 99.0£0.5%

®

S

‘s b ! ' N\ !

LepR PDGFRa PDGFRB Sca1
B Tail vein injection D Single live cells

< - n=3 0 250x
100, vy
E 801 M%Cs+ ot 200K ] 0
£ 605
2o 40/ == ——
= 20/ o : g
)
O o S v

T T
—103 o mi 10‘ wS

Ter119/CD45 —— -

Single live cells

e
10“ m‘ 10° 10 10 10°
GFP ———

DAP| ———

3

? o 10

Ter119/CD45 —

F
40- 5
N N.S .
— - ~ 4
5 301 =4
s A
-~ <O 34
x 20 =
8 F 27
= 10 T 4]
i 0-
Q@b 0@6 Q:bxe’b@\%b
K S
& &7 & &
& & & &

Fig. S2 Systemic delivery of donor MSCs by tail vein or retro-orbital injection and intra-BM

PBS treatment fail to suppress leukemia

(A) Characterization of donor MSCs prior injection. The expanded MSCs (passage 2) were
analyzed by flow cytometry. The isotype controls of each antibody were used as negative controls,

as shown in the grey histograms (mean + SD, n = 3). (B and C) Kinetics analysis of tumor burden
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(CD11b*) of MSC-treated leukemia-bearing mice by tail vein injection (B) and retro-orbital
injection (C). (D and E) Flow cytometry analysis indicated that tail vein injection (D) and retro-
orbital injection (E) of donor MSCs (GFP") failed to home to the bone marrow of leukemia-bearing
mice. (F) Statistical analysis of white blood cells (WBC) and platelets (PLT) counts in the PB of
intra-BM PBS-treated leukemia-bearing mice (mean + SD, n = 4). Asterisk indicates *p < 0.05

(unpaired student’s t-test (two-tailed)). N.S indicates not-significant.
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Fig. S3 Systemically re-balanced myeloid lineage progenitor cells and systemically activated
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megakaryocytes in MSC-treated leukemia-bearing mice

(A) Ratios of myeloid progenitor subpopulations in MSC- and PBS-treated leukemia-bearing

mice. GMP (granulocyte/macrophage progenitors): LinTL-7RScal-¢c-Kit"CD34*CD16/32"ieh;
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MEP (megakaryocyte/erythroid progenitors): LinTL-7R"Scalc-Kit"CD34:CD16/32". (B)
Statistical analysis of myeloid progenitor components (GMP and MEP) (mean + SD, n =5-6). (C)
Activation analysis of megakaryocytes in MSC- and PBS-treated leukemia-bearing mice.
Percentages of mature megakaryocytes with 8N and greater ploidy (=8N) are shown. (D) Statistical
analysis of the percentages of mature megakaryocytes (>8N) (mean =+ SD, n =4). Asterisks indicate

*#%p < 0.001 (one-way ANOVA). N.S indicates not-significant.
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Fig. S4 No improvement in the quantity of host MSCs at the non-injected sites of MSC-
treated leukemic mice and the expression of soluble factors in recovered MSCs

(A) Flow cytometry analysis of MSCs at the non-injected site from leukemia-bearing mice eight
weeks post MSC treatment. MSCs are defined as Terl119°CD45CD31-Scal"CD517CD146". (B)
Statistical analysis of the absolute numbers of MSCs in the femurs (non-injected site) from
untreated and MSC-treated leukemia-bearing mice (mean + SD, n = 4). (C) Heatmaps of MSC
secreted factor-related genes differentially expressed between MSCs from leukemia-bearing mice
and recovered MSCs (padj < 0.05, fold change > 1.4). N.S indicates not-significant (unpaired

student’s t-test (two-tailed)).
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Fig. S5 Up-regulation of leading edge genes related to positive regulation of angiogenesis and

cell migration pathways in MSC-reprogrammed macrophages from leukemia-bearing mice

Positive regulation of angiogenesis- (A) and cell migration-related (B) genes up-regulated in MSC-

reprogrammed macrophages from leukemia-bearing mice are shown (n = 4, one per column) (a

difference in expression of over 2-fold; adjusted p value, < 0.05 (DESeq2 R package). (C) Gene

ontology (GO)—enrichment analysis of the 3277 differentially expressed genes between L-Mac

and E-Mac.
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Fig. S6 MSC treatment fails to suppress AML initiated by MLL-4F9 translocation

(A) Treatment protocol. AML cells (GFP") were i.v. injected at day 0, and then the mice were
intra-tibia injected with 10 uL PBS or MSCs every 10 days from day 10. (B) Frequency of AML
cells in PB at day 36. (C) PLT, RBC and WBC counts of AML-bearing mice at day 36. (D)
Frequency of AML cells in PB at day 45. (E) PLT, RBC and WBC counts of AML-bearing mice
at day 45. (F) Frequency of AML cells in BM at day 45. (G) Flow cytometry analysis of
frequencies (right panel) of MSCs in the BM of leukemia-bearing mice at day 45. (H) Survival
curve of AML-bearing mice treated with PBS or MSC. Error bars show SD, n=4-6.
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Supplementary Materials and Methods

Flow cytometry analysis. Antibodies for hematopoietic lineage analysis: FITC-TER-119 (TER-
119), PerCP-Cyanine5.5-CD45.1 (A20), FITC-CD45.2 (104), PerCP-Cyanine5.5-CD45.2 (104),
APC-Thyl.2 (53-2.1), APC-CD3e (145-2C11), PE-CD19 (1D3), PE-Cy7-CD11b (M1/70), APC-
eFluor®780-Gr-1 (RB6-8CS5), FITC-CD41 (MWReg30), PE-CD61 (2C9.G3), and APC-
eFluor®780-F4/80 (BMS) antibodies were purchased from eBiosciences or Biolegend. DAPI was
used to exclude dead cells.

For MSC analysis, BMNC were stained with the following antibodies: APC-Ter119 (TER-119),
APC-CD45 (30-F11), PE-Cy7-CD31 (WM-59), APC-eFluor®780-Scal (D7), PE-CD51 (RMV-
7), and PerCP-Cyanine5.5-CD146 (ME-9F1) were purchased from eBiosciences or Biolegend.
DAPI was used to exclude dead cells.

For myeloid progenitors staining, BM cells were stained with the following antibodies: CD2
(RM2-5), CD3e (145-2C11), CD4 (RM4-5), CD8a (53-6.7), Ter119 (TER-119), CD11b (M1/70),
B220 (6B2), Grl (RB6-8C5), IL-7R (A7R34), Scal (E13-161.7), c-kit (2B8), CD34 (RAM34),
and CD16/32 (93). DAPI was used to exclude dead cells.

For megakaryocyte maturation detection, BM cells were stained with labeled with CD41-FITC
(MWReg30). Then cells were fixed using cold 70% ethanol. After washing, the fixed cells were
resuspended in propidium iodide.

For platelet staining and counting, 5 pL fresh whole blood was collected. Whole blood sample was
blocked with anti-mouse CD16/32, then was stained with anti-mouse CD41-FITC and anti-mouse
CD61-PE at room temperature for 20 mins. Then 1 mL of cold 1% PFA solution and 50 pL
absolute counting beads (C36950, Invitrogen) were added to each sample. The sample was fixed

on ice for at least 30 mins.

10
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For intracellular flow cytometry staining, BM cells were blocked with anti-mouse CD16/32 and
stained with surface markers for 20 min on ice. Then cells were fixed using IC fixation buffer (88-
8824-00, eBiosciences) and pulsed vortex to mix. After washing, cells were resuspended with 1X
permeabilization buffer and stained with the intracellular antibody APC-Arginase 1 (AlexFS5,
eBiosciences) for 40 min at room temperature. Finally, the cells were resuspended with FCS buffer
for analysis.

The stained cells were analyzed on LSR Fortessa (BD Bioscience), then the data were analyzed
using Flowjo software (FlowJo).

Preparation of BMNC. Mice were sacrificed, and BM cells were isolated by flushing out the
tibias and femurs using DPBS containing 2% FBS. The compact bones were dissected into ~2 mm
fragments and transferred with Sml of 1 mg/ml collagenase II solution into a 50 ml tube. The tubes
were incubated in a shaker (< 110 rpm) at 37°C for 1-2 hours. BMNC from BM cells and compact
bones were mixed and filtered through a 70 um cell strainer (BD Falcon) to obtain a single-cell
suspension.

MSC sorting. BMNC mixtures of BM and compact bones from the control mice (age-matched
wild-type, CD11b"% in PB = 10-15%), leukemia-bearing mice (CD11b"% in PB = 35%-45%) and
leukemia-bearing mice eight weeks post-treatment with GFP* MSCs were isolated as previously
described. After lysis of red blood cells, BMNC were blocked by Fc blocker, and incubated with
biotin-conjugated anti-CD45 antibody and enriched by streptavidin magnetic beads (Miltenyi
Bitec). The enriched CD45" cells were stained with the following antibodies: APC-Ter119 (TER-
119), APC-CD45 (30-F11), streptavidin-APC, PE-Cy7-CD31 (WM-59), APC-eFluor®780-Scal

(D7), PE-CD51 (RMV-7) were purchased from eBiosciences. DAPI was used to exclude dead

11
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cells. MSCs were sorted by the gating strategy defining as GFP-Ter119-CD45-CD31-Scal"CD51*
using Ariall (BD Bioscience) and subsequently prepared for RNA-Seq.

Mouse colony-forming unit-fibroblast (CFU-F) assay. For analyzing the quantity of functional
MSCs, BMNC equivalent to 100 MSCs from each mouse were used as cell input for individual

t™ medium

wells (six-well plate). BMNC were suspended into 2 ml of mouse complete MesenCul
(Catalog 05513, StemCell Technology), then seeded into the individual wells. BMNC were
incubated at 37°C with 5% CO> in a humidified chamber. Half-medium change was performed on
day 7. After 14 days, the wells were washed once with DPBS and fixed by ice-cold ethanol, and
then stained with giemsa stain at RT. After washing, colonies with more than 20 spindle-shaped
cells per colony were counted. Three replicates of each sample were performed.

Isolation and expansion of mouse MSCs. MSCs were isolated from cell mixture of compact
bones and BM cells of 3-4 weeks old healthy GFP mice (n = 100), as previously reported with
minor modifications [1]. Briefly, the BM cavities were flushed to thoroughly deplete
hematopoietic cells. The compact bones were dissected into ~2 mm fragments and transferred with
5ml of 1 mg/ml collagenase II solution into a 50 ml tube. The tubes were incubated in a shaker (<
110 rpm) at 37°C for 1-2 hours. The fragments were washed three times and cultivated in complete
MSC culture medium ( a-MEM (Gibco) supplemented with 10% FBS (Gibco) and 1%
penicillin/streptomycin (Invitrogen)) in a 6 cm dish. Besides, MSCs from the BM cells were sorted
(Ter119-CD45:CD31-Scal "*CD517CD146") directly into MSC culture medium. These two sources
of MSCs from compact bones and BM cells were mixed for further isolation and expansion. The
bone fragments were removed, and culture medium was replaced after three times” washing on the

third day. After culture for five days, the adherent cells were harvested by 0.25% trypsin’s

digestion and passaged. The culture medium was changed every 48 hours and passaged at a split

12
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ratio of 1:3 every 3-4 days. The expanded MSCs (Passage 2) were cryopreserved with 90% DMSO
and 10% FBS in liquid nitrogen for transfusion. The cryopreserved P2 MSCs were recovered and
cultured for 4-5 days, phenotypically identified, and collected in DPBS (2.5 x 10"7/ml) for
transfusion.

GFP-MSCs and BM macrophage co-culture assay. Short-term co-culture assay was performed,
with each well containing: 1 x 10"5 GFP-MSCs (passage 2; healthy MSCs were isolated from
GFP mice) and 2 x 1076 CD11b"* leukemic cells sorted from leukemia-bearing mice in 2 mL
culture medium of a-MEM, 10% FBS and 50 ng/ml SCF. MSCs and CD11b" leukemic cells were
incubated either by direct-contact culture or transwell culture for 12 hours at 37°C under 5% CO»
in a humidified incubator. MSC-reprogrammed macrophages (CD11b"F4/80") were sorted for
RNA-sequencing or detecting the gene expression by Q-PCR.

Treatment for leukemia-bearing mice with MSC-reprogrammed macrophages. 1 x 10”5
MSCs were seeded into each well of six-well plates. CD11b" leukemic cells were enriched from
BM of leukemia-bearing mice with severe tumor burden (CD11b*% in PB > 60%). Then 2 x 106
CD11b" leukemic cells were directly co-cultured with MSCs. After 12 hours, macrophages were
sorted for transfusion. Leukemia-bearing mice with severe tumor burden were treated by intra-BM
transfusion of PBS or MSC-reprogrammed macrophages from leukemia-bearing mice (E-Mac). A
sequential doses of E-Mac (3.3 x 1077 E-Mac/kg per dose in 20 ul PBS) were delivered into the
tibia cavities of leukemia-bearing mice with two-week intervals. Analysis of platelets and CD11b*
cells in PB was performed monthly.

RNA-Seq and data analysis. For MSC library preparation, MSCs were sorted from wild type or
leukemia-bearing mice, and recovered MSCs were sorted from leukemia-bearing mice 8 weeks

post treatment with GFP* donor MSCs. MSCs were sorted from two mice of each group. 1000

13
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target cells per sample were sorted into 500 ul DPBS-BSA buffer (0.5%BSA) using 1.5ml EP tube
and transferred into 250 pl tube to spin down with 500 g. The cDNA of sorted 1000-cell aliquots
were generated and amplified as described previously [2]. The qualities of the amplified cDNA
were examined by Q-PCR analysis of housekeeping genes (B2m, Actb, Gapdh, Ecflal). Samples
passed quality control were used for sequencing library preparation by illumina Nextera XT DNA
Sample Preparation Kit (FC-131-1096).

For macrophages (in vivo) library preparation, macrophages were sorted from BM of leukemia-
bearing mice before or after MSC treatment (12 hours post MSC treatment). Macrophages were
also sorted after 12 hours of co-culture with MSCs. 1 x 10”5 target cells per sample were sorted
and total RNA was extracted using the RNeasy micro kit with on-column DNase treatment
(Qiagen, 74004) according to manufacture’s protocol. cDNA library was constructed using
VAHTSTM mRNA-seq V3 Library Prep Kit for Illumina (Vazyme, NR611) according to
manufacture’s protocol. The qualities of the cDNA were examined by qPCR analysis of
housekeeping genes (B2m, Actb, Gapdh, Ecflal). Samples that passed quality control were used
for sequencing.

For data analysis, all libraries were sequenced by illumina sequencers NextSeq 500. The fastq files
of sequencing raw data samples were generated using illumina bcl2fastq software (version:
2.16.0.10) and were uploaded to Gene Expression Omnibus public database (GSE 125029). Raw
reads were aligned to mouse genome (mm10) by HISAT?2 [3] (version: 2.1.0) as reported. And
raw counts were calculated by featureCounts of subread [4] (version 1.6.0). Differential gene
expression analysis was performed by DESeq2 [5] (R package version: 1.18.1). Unsupervised

clustering analysis was performed using facotextra (R package, version: 1.0.5). Heatmaps were

plotted using gplots (R package, version 3.01). GSEA was performed as described [6], and gene-
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ontology (GO)-enrichment analysis were performed by clusterProfiler [7] (R package, version:
3.6.0). MSC stemness related genes and MSC osteogenesis related genes for heatmaps were from
references as follows: MSC stemness-related genes [8-10] and MSC osteogenesis-related genes [8,
11]. The gene sets for GSEA were from literatures as follows: angiogenesis-related genes in
macrophages [12], cell migration-related genes in macrophages (from MSigDB genesets), and
secreted factors by macrophages [13, 14].

Complete blood count (CBC). For mouse samples, 100 pl PB from each mouse was collected
into 1.5 ml anticoagulation tube and diluted with the same volume of PBS, then performed
complete blood count by automatic blood analyzer (Abbott, CD3700SL).

Quantitative real-time PCR. For analysis of mRNA expression levels of related genes in MSCs
and CD11b" leukemic cells from the co-culture assay, 1 x 10"5 target cells of each sample were
sorted by flow cytometry using Aria II. Total RNA was extracted using the RNeasy Micro Kit (Cat
NO. 74004, QIAGEN). On-column DNase digestion of the samples was performed following the
manufacturer’s instruction. First strand cDNA was synthesized from 100 ng of total RNA in 20
pl final volume, using the ReverTra Ace qPCR RT Master Mix kit (FSQ-301, TOYOBO)
according to the manufacturer’s instructions. Real-time quantitative PCR assays were carried out
in a BioRad CFX96 Real-Time PCR Detection System instrument (Bio-Rad) using standard PCR
conditions. Triplicates of all reactions were performed. GAPDH gene was used as a reference for
differential expression comparison. The primer sequences of all related genes are shown as below:
Gapdh (Forward (5'-3"): TGGTGAAGGTCGGTGTGAACG, Reverse (5'-3"):
CAATGAAGGGGTCGTTGATGGO); Argl (Forward (5'-3"):

CATTGGCTTGCGAGACGTAGAC, Reverse (5'-3"): GCTGAAGGTCTCTTCCATCACC).
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MLL-AF9 AML mouse model. We used a non-irradiated acute myeloid leukemia mouse model
described previously [15]. MLL-AF9 AML model mice were maintained a specific pathogen-free
animal facility at the State Key Laboratory of Experimental Hematology.

Statistical analysis. Statistical analysis was performed with SPSS(SPSS v.23, IBM Corp.,
Armonk, NY, USA) . Normal distribution of data was tested with SPSS applying Shapiro-Wilk
normality test. The data were represented as mean = SD. Two-tailed independent Student’s t-tests
were performed for comparison of two groups of data. For the analysis of three groups or more,
one-way ANOVA was used, and further significance analysis among groups was analyzed by Post
Hoc Test (equal variances, Turkey-HSD; unequal variances, Games-Howell). Kaplan-Meier
method was used to calculate survival curves of leukemia, and Log-rank (Mantel-Cox) test was
performed to compare differential significance in survival rates. P values of less than 0.05 were

considered statistically significant (*p < 0.05, **p <0.01, ***p <0.001).
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